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RECORD COF DECI SI ON
NASA LANGLEY RESEARCH CENTER

DECLARATI ON
SI TE NAME AND LOCATI ON

NASA Langl ey Research Center (NASA LaRC)
Area E Warehouse Qperable Unit
Hampt on, Virginia

STATEMENT COF BASI S AND PURPCSE

This Record of Decision (ROD) presents the selected renedial action for the Area E Warehouse
Qperable Unit (QU) at the NASA Langl ey Research Center (LaRC) in Hanpton, Virginia (the "Site"),
chosen in accordance with the Conprehensive Environnmental Response, Conpensation, and Liability
Act (CERCLA) of 1980, as anmended, 42 U S.C. °9601 et seq. and, to the extent practicable, the
Nati onal G| and Hazardous Substances Pollution Contingency Plan (NCP), 40 CF. R Part 300. This
deci sion is based on the Admi nistrative Record for this Site.

The Virginia Departrment of Environnental Quality (VDEQ concurs with the sel ected renedy.
ASSESSMENT OF THE SI TE

Actual or threatened rel eases of hazardous substances fromthis QU, if not addressed by
i npl enenting the response actions selected in this ROD, may present an inmmi nent and substanti al
endangernent to public health, welfare, or the environnent.

DESCRI PTI ON OF THE SELECTED REMEDY

The Area E Warehouse QU cleanup is part of a conprehensive enviromrental investigation and
cleanup currently being perforned at the NASA LaRC under the CERCLA, program NASA LaRC is
currently addressing five QUs under its environnmental remediation program The renaining four
QUs will be addressed in future RODs. This action addresses the principle threat at the QU by
inposing land use restrictions that will prevent any non-industrial activities to take place on
the QU.

The selected remedy is the inplenentati on of institutional controls, which include:

1) the prohibition of use of the property for purposes other than industrial (e.g.,

residential, child care or recreational use);

2) inputting these restrictions in the NASA LaRC Master Pl an;

3) within 90 days of ROD signature, NASA shall produce a survey plat prepared by a

prof essional |and surveyor registered by the Conmonweal th of Virginia indicating the

| ocati on and di nensions of the Area E Warehouse Operable Unit and the extent of the soil

contam nation. The plat shall contain a note, promnently displayed, which states the

owner's future obligation to restrict the land use of the property. The plat shall be
submitted to the local recording authority.

4) NASA shall incorporate these restrictions and supply a copy of the plat into any real
property docunents necessary for transferring ownership fromNASA, in the unlikely event
that NASA sells the property. The real property docunent woul d al so i nclude a di scussion
of the National Priorities List (NPL) status of this Site, as well as a description of

the soil contam nation;

5) The NASA LaRC Environnental Engineering Ofice Head will certify to USEPA on an annual
basis that there have been no viol ations of these prohibitions. If a violation has



occurred, a description of the violation and coffective actions to be taken will be
provi ded.

DECLARATI ON OF STATUTORY DETERM NATI ONS

The selected renedy is protective of human health and the environnment, conplies with federal and
State requirenents that are legally applicable or relevant and appropriate to the renedi al
action, and is cost-effective. The renmedy utilizes pernmanent solutions and alternative treatnent
t echnol ogi es to the maxi num extent practicable for this QU

Because this remedy may result in hazardous substances remaining onsite, a review wll be
conducted within 5 years after the commencenent of the renedial action to ensure that the renedy
continues to provide adequate protection of human health and the environnent.

<I MG SRC 98066A>

RECORD CF DECI SI ON

NASA LANGLEY RESEARCH CENTER
AREA E WAREHOUSE OPERABLE UNI T

DECI SI ON SUMVARY
l. SI TE NAME, LOCATI ON, AND DESCRI PTI ON

NASA LaRC is a 787-acre NASA research center |located in southeastern Virginia in the Hanpton
Roads area. NASA LaRC is bounded by State Route 172 on the West, by Brick Kiln Creek to the
North and byLangley Air Force Base to the South and East (Figure 1). NASA LaRC together with
Langl ey Air Force Base was proposed to the National Priorities List (NPL) in 1993 and finalized
in 1994,

The Area E Warehouse QU is | ocated al ong the eastern boundary between NASA LaRC and Langley Air
Force Base. The Area E Warehouse QU is approxinmately 4.5 acres in size (Figure 2). The area
houses several structures which enconpass approximately 3/4 of the QU. The site includes the
area i medi ately surrounding Buildings 1170 to 1174 as shown in Figure 2. Stormsewers | ocated
on the site discharge into a snall ditch approximately 120 feet long | ocated i nmedi ately

adj acent to the Area E Warehouse QU. The ditch discharges into the site-w de drai nage system
which ultimately di scharges into the Tabbs Creek estuary. The di stance fromthe drai nage ditch
to Tabbs Creek is approximately 1/4 of a mle.

The Area E Warehouse QU serves as a storage and distribution center for all supplies and
materials for the NASA LaRC facility. The area includes nmainly asphalt and gravel road surfaces
and war ehouse structures. Druns, which are stored on pallets, containing raw products
(lubricating oils, solvents, etc.) to be issued for use throughout the Center, rolls of

el ectrical conduit, and mi scell aneous equi pnent occupy approxi mately 40 percent of the warehouse
area. Approximately 10 percent of the area is covered with grass.

The QU is in close proximty to Tabbs Creek and within the tidal zone of the Chesapeake Bay
(Figure 1). Marine wetlands are common in the surrounding area, and the Plum Tree Isl and
National WIldlife Refuge is |ocated approximately four niles northeast of the QU. The northeast
portion of the QU is located within the 100-year flood plain, coinciding approximately with the
8.5-foot el evation contour.



The site is located within the Atlantic Coastal Plain physiographic province. The geol ogy of the
area, primarily flat |lying marine sedinvats, consists of the Norfol k Formation and the Yorktown
Formati on. The uppernost soil unit at the site consists of varying sequences of silt, clay, and
silty to clayey sands belonging to the Norfolk Formation. In the boring drilled for the Site
Inspection, this unit occurs fromO to 9 feet in depth and consists of brow, nottled orange and
gray soils. They are typically dry to noist and slightly to noderately plastic. The underlying
Yor kt own Formation consists of gray silty clay and clayey silt w th abundant shells and shel
fragments. It is typically wet to saturated, noderately to highly plastic and occasionally

nottl ed. Local sand | enses are common, as are partially indurated shelly layers (coquina). The
Yor kt own Fornmation extends to approxi mately 400 feet bel ow grade at the site.

G oundwater in the area can be found at a depth of 5 to 50 feet below the I and surface. This
aqui fer, known as the Colunbia aquifer, is brackish and is linmted to | awn and garden watering
Bot h the Yorktown and the Yorktown- Eastover aquifers underlie the Col unbia aquifer. The

Yor kt own- East over aquifer is confined and is used as a source of donestic potable water

<I MG SRC 98066B>
<I M5 SRC 98066C>

1. SI TE H STORY

This section describes the history of waste di sposal, and CERCLA investigati ons response actions
at the Site.

A H STORY OF WASTE DI SPOSAL

The primary function of NASA LaRC is the research and devel opnent of advanced technol ogi es for
aircraft and spacecraft. Specific studies center on instrunentation, nmaterials fatigue
acoustics, aerodynam cs, and gui dance control. In conducting its research and devel opnent

m ssi on, NASA LaRC requires many support facilities including Underground Storage Tanks (USTS)
for fuel and other raw products, power plants, wind tunnels, |aboratories and adm nistrative
buildings. All of these facilities have the potential to inpact the environment through di sposa
activities, transfer operations and inadvertent rel eases such as spills or mechanica

mal functi ons.

There are currently 5 Operable Units being investigated under CERCLA at NASA LaRC. They i ncl ude
the Construction Debris Landfill, the Chem cal Waste Pit, Tabbs Creek, Stratton Substation and

Area E Warehouse. A brief summary of these areas is provided on Table 1. Figure 1 provides the
|l ocation of these areas. The 4 renmining Qperable Units will be addressed in future Records of

Deci si on.



Table 1. Summary of Qperable Units Under CERCLA |nvestigations

QU Nane Fi ndi ngs Current Status

Construction Debris Landfill Organi ¢ and inorganic Draft Renedi al
contam nants found in I nvestigation/Feasibility Study
groundwat er, surface water, (RI/FS) under regulatory review

sedi mrent, and soil.

Chem cal Waste Pit Cheni cal wastes reportedly buried Chenical Waste Pit was found to
at the site. be | ocated within the boundaries of

the Construction Debris Landfill

(CDL) QU and is addressed in the

CDL RI/FS.
Tabbs Creek PCB/ PCT contam nation in Final RI/FS conpl et ed.
sedi ment s.
Stratton Substation PCB cont am nated soil . Draft Final Focused RI/FS

currently under regul atory review



The Area E Warehouse serves as a storage distribution center for all supplies and materials for
the NASA LaRC facility. The Area E Warehouse is used by LaRC to store raw products under cover
and in original packing for use in day-to-day operational activities and as a staging area and
tenporary storage for outgoing construction wastes prior to off-site disposal. Fromthe 1960's
to 1990, a snull outdoor staging area was used for the storage of both hazardous and

non- hazardous waste materials. In addition, polychlorinated bi phenyl transformers were stored
within the Area E Warehouse QU. Past activities have included sone on-site spills within the
war ehouse ar ea.

B. CERCLA | NVESTI GATI ONS

NASA conpl eted CERCLA Prelimnary Assessnment (PA) and Site Inspection (SI) Reports in 1988 and
1989, respectively. In 1993, NASA LaRC, together with Langley Air Force Base (LAFB), was
proposed for inclusion on the National Priorities List (NPL) and finalized in 1994. A Federal
Facilities Agreenent (FFA) was signed by EPA, NASA and the Virginia Departnent of Environnental
Quality (VDEQ in 1994. The FFA establishes a procedural framework and schedul e for inplenenting
site cleanups at NASA LaRC (the Site).

NASA has investigated hazardous rel eases at the Site in nultiple investigations. Previous
investigations at the Area E Warehouse QU include a Prelimnary Assessnent (PA) conpleted in
April 1988, a Site Inspection in May 1989 (Ebasco, 1989), a Site Assessnent in Novenber, 1990
(Ebasco, 1990), and a Contam nation Assessnent in Cctober 1992 (Ebasco, 1992). The Conprehensive
Envi ronnent al Response, Conpensation, and Liability Act (CERCLA), as anended, nandates that the
Envi ronnental Protection Agency (USEPA) establish a docket of federal facilities where hazardous
wast e has been generated, stored, treated, or disposed in the past. The PAidentified the Area E
War ehouse as requiring further investigation of past waste handling activities through
conpletion of a Site Inspection (SI).

The Sl identified the contam nants of concern at the Area E Warehouse QU as nercury, |ead,
nmanganese, and pol ychl ori nated bi phenyls (PCBs). Because of the presence of nercury, |ead,
nmanganese, and PCBs in Area E Warehouse soil, NASA proceeded with a Site Assessnent (SA) to
establish the risk posed fromthe contam nants and to devel op a course of action to renove the
contami nants fromthe QU, if necessary.

Consequently, a Contam nation Assessnent (CA) was conducted to further delineate the extent of
PCB contamination at the QU as well as conducting a focused sedinent sanpling effort in a nearby
drai nage ditch. In addition an Addendumto the SA was prepared in August of 1995 to clarify the
data presentation in the original SA Report.

111, HGHLI GATS OF COMWUNI TY PARTI C PATI ON

In accordance with Sections 113 and 117 of CERCLA, 42 U. S.C Sections 9613 and 9617, NASA, in
conjunction with EPA, issued a Proposed Plan on January 26, 1998, presenting the preferred
remedi al alternative for the Area E Warehouse QU. The Proposed Pl an and the supporting
docunent ati on became available for review at that tine and are anong the docunents which
conprise the CERCLA Administrative Record for NASA LaRC

The Administrative Record is available for review by the public at the follow ng information
repositories:

D Poquoson Public Library
800 Gty Hall Avenue
Poquoson, Virginia



D Fl oyd L. Thonpson Library
NASA LaRC
Hampton, Virginia

An announcenent for an availability session, the comment period, and the availability of the
Adm ni strative Record for the remedy for the Area E Warehouse QU was published in the Daily
Press on January 25, 1998. Additionally, the Notice of Availability was mailed to | ocal

nmuni ci pal and governnent agencies and residents in the vicinity of the Site.

The public comment period for the Proposed Plan was from January 26, 1998 to March 11, 1998. A
public availability session was held at the Virginia Air and Space nmuseumin Hanpton, Virginia
on February 5, 1998 to informthe public of all the renedial alternatives and to seek public
commrents. At this meeting, representatives from NASA, USEPA, VDEQ and Foster Wieeler (an
environnental consultant) were avail able to answer questions about conditions at the site and
the remedial alternatives under consideration. Responses to the comrents received during this
period are included in the Responsiveness Summary section of this ROD

This Record of Decision presents the selected renedial action for the Area E Warehouse QU in
accordance with CERCLA and, to the extent practicable, the National Contingency Plan (NCP).

Al docunents considered or relied upon in reaching the renedy sel ection decision contained in
this ROD are included in the Adm nistrative Record for the Site and can be reviewed at the
information repositories.

V. SCOPE AND ROLE OF THI S REMEDI AL ACTI ON

Discrete portions of an NPL site are often managed nore effectively as Qperable Units. NASA has
organi zed work to date into five operable units. This ROD addresses the Area E Warehouse QU. The
remai ning Qperable Units are:

- Construction Debris Landfill
- Chenical Waste Pit

- Tabbs Creek

- Stratton Substation

These four renmining Qperable Units are currently being i ndependently investigated under CERCLA
and will be addressed in future Records of Decision.

V. SUMMARY OF SI TE CHARACTERI STI CS AND EXTENT OF CONTAM NATI ON

Sunmmari zed bel ow are the relevant findings of the work to date with regard to contam nated soil
| ocated within the boundaries of the Area E Warehouse QU.

A SI TE CHARACTERI STI CS

1. Geol ogy

LaRC is situated within the Atlantic Coastal Pl ain physiographic province, which consists of an
eastward thi ckening sedi nentary wedge conposed of unconsolidated gravels, sands, silts, and
clays, with variable amounts of marine fossils. LaRC is underlain by approxi mately 2,000 feet of

unconsol i dat ed sedi nents.

The uppernost soil units (excluding fill naterial) are Hol ocene age deposits and Pl ei st ocene
deposits of the Norfol k Formati on. Hol ocene deposits, consisting of organic clays, silts, and



silty clays, are encountered in proximty to the nmargins of tidal estuaries that border LaRC
These deposits are up to 30 feet thick along the northern border of the facility. Away fromthe
tidal estuaries, surface soils consist of the Norfolk Formation, a nmenber of the Pleistocene Age
Col unbia Group. Soils of the Norfol k Formation consi st of sequences of silt, clay, and silty to
clayey sands that are typically dry to nmoist and slightly to noderately plastic. An erosional
surface separates this unit fromthe underlyi ng Bacons Castle Formation

The Pliocene Age Bacon Castle Formati on, conposed of the Mbore House Menber, occurs at depths of
50 to 60 feet at LaRC. The Mdore House Menber consists of sequences of silty sands containing
mar|l and shell hash | enses. These nmarl and hash | enses are absent at sone |ocations. The Mgarts
Beach Menber of the Yorktown Fornmation is encountered at depths of 70 to 80 feet. The Mygarts
Beach Menber is a distinctive hydrologic unit consisting of blue clay of up to 15 feet in

t hi ckness; however, it is absent at sonme |ocations.

2. Hydr ogeol ogy

G oundwater in the area can be found at a depth of 5 to 50 feet below the I and surface. This
aqui fer, known as the Colunbia aquifer, is brackish and, its use is limted to | awn and garden
wat ering. Both the Yorktown and the Yorktown-Eastover aquifers underlie the Col unbia aquifer
The Yor kt own- Eastover aquifer is confined and is used as a source of donestic potable water.

3. Met eor ol ogy

The climate at the Site is characterized by mld winters and warm and hum d sumers. The clinate
is affected by the Chesapeake Bay and Atlantic Ccean to the east and nountains to the west.
During the winter, tenperatures reach a high of near 50 with lows in the 30s. In the sumer, the

hi ghs are generally in the 80s with | ows around 70.

The nean annual precipitation at the Site is 44.15 inches. Mximum precipitation occurs in July

and August, while the mninumoccurs in Novenber and April. However, precipitationis
di stri buted throughout the year. The average nunber of days with precipitation ranges from7 to
11 days per nonth and 110 days per year. Snowfall in the winter averages 10 inches per year

however, it is extrenely variable, ranging annually fromO to 45 inches.

The prevailing wind direction is south-southwest in April and May, southwest in June to
Sept enber, and north in Cctober to March. The average wind speed is 5 to 8 knots.

4. Ecol ogy

Open | and, woodl and, wetland and aquatic habitats are all found within or near NASA LaRC. These
i nclude nowed fields and | awns, nonforested overgrown | and, wooded areas, forested wetl ands,
scrub/shrub wetl ands creeks, tributaries and steans. Wiile the majority of the Area E Warehouse
QU i s paved/ gravel ed, runoff fromthe QU flows to a snall drainage ditch approximately 120 feet
inlength and | ocated i medi ately adjacent to the Area E Warehouse QU. The ditch discharges into
the site-w de drai nage systemwhich ultinmately discharges into the Tabbs Creek estuary. The

di stance fromthe drainage ditch to Tabbs Creek is approximately 1/4 of a mle.

5. Soil s

Soil at the Area E Warehouse QU has generally been graded and/or filled to support buildings and
road surfaces. Coarse sand and gravel is found within the upper two feet of the ground surface
Grass covered areas were graded with topsoil and sonme subsurface soil sanples encountered the
Nor f ol k Formati on



6. G oundwat er Use

G oundwater in the area can be found at a depth of 5 to 50 feet below the I and surface. This
aqui fer, known as the Colunbia aquifer, is brackish and, its use is limted to | awn and garden
watering. It is currently not used or usable as a source of potable water. Both the Yorktown and
t he Yor kt own- Eastover aquifers underlie the Colunbia aquifer. The Yorktown-Eastover aquifer is
confined and is used at other |ocations as a source of donestic potable water

B. NATURE AND EXTENT OF CONTAM NATI ON

In April of 1988 a Prelimnary Assessnent (PA) was conpl eted for NASA LaRC which included the
Area E Warehouse QU. Based on the results of this study a Site Inspection (SI) was conpleted in
May of 1989. The SI recommended that additional sanpling and investigation be conducted at the
Area E Warehouse QU. NASA proceeded with a Site Assessment (SA) in 1990 to establish the
potential risk posed from QU contam nants.

The SA involved the identification and detail ed eval uation of potential remedial alternatives
and concluded with a recommendati on of the preferred renedial alternative.

A Cont am nation Assessnment (CA) was conducted in Cctober 1992 to further delineate the extent of
contam nated soil at the OQU. A focused sedinent sanpling effort in the nearby drainage ditch was
al so conducted in 1994. In addition, an Addendumto the SA was prepared in August of 1995 to
clarify the data presentation in the original SA report.

The following is a sunmary of the sanpling results of these investigations.
SO L
Metal s

A total of 47 soil sanples [(35 surface soil (0-6 inches) and 12 subsurface soil (6-24")] were
collected at the Area E Warehouse for netal analysis during the SA (Figure 3). The netals were
characterized using two anal yti cal approaches: the total concentration of inorganic constituents
of concern ("Total Metals") in the sanples; and the netals concentration in | eachate produced by
the Toxic Characteristic Leaching Procedure (TCLP)

Lead was detected in all-soil sanples ranging from3.1 to 63 ng/Kg. Lead was not detected above
twi ce the background reasonabl e naxi mrum exposure (RVE) (20.7 ng/Kg) level in any of the
subsurface soil sanples. The RVE is the 95% upper confidence limt of the arithnetic nean. In
surface soil sanples, lead was detected slightly above tw ce the background i n one warehouse
area (44 ng/Kg) and two north storage area sanples (47 and 63 ng/ Kg) obtained fromthe site.
TCLP results for lead were reported in three sanples with a range from0.085 to 0.434 ng/L. The
regulatory TCLP limt for lead is 5 ng/Kg.

Trace anounts of nercury were detected above tw ce the background soil values at the site. The
concentrations ranged fromnon-detected to 2 ng/Kg. No nercury was detected in the TCLP
| eachat e.

Manganese was detected above tw ce the background soil sanple val ues. Concentrations were
reported at 1,100 ng/Kg and 913 ng/Kg i n warehouse area surface soil sanples, and 1,220 ng/Kg in
one subsurface soil collected in the west area of the site. The nean val ue for manganese
concentrations was the highest for the warehouse surface soil sanples which was statistically
significant. Manganese was not detected above twice the RVE in subsurface or surface soi

sanpl es collected fromthe north storage area of the site



PCBs

Surface and subsurface soil sanples were obtained ftomArea E and anal yzed for PCBs during the
SI, SA and CA (Figure 4). The result of surface soil sanples collected from2 to 7 inches bel ow
grade showed that PCBs were detected in 41 of the 53 surface soil sanples. A frequency

di stribution of these detections includes:

> 1,000 Ig/Kg - 10 sanpl es
200 Ig/Kg - 1,000 Ig/Kg - 11 sanples
< 200 1g/Kg - 20 sanpl es

The hi ghest PCB concentration (4,800 Ig/Kg) was detected at S-SS-17-01, at the southeast corner
of Building 1170. Soil sanple SS03-01, which exhibited a PCB concentration of 4,300 lg/Kg, was
coll ected approxi mately 15 feet west of S-SS-17-01. Soil sanples S SS-02-01 and S-SS-03-01
| ocated northeast of Building 1206, contained PCBs at a concentration of 2,500 Ig/Kg and 3, 100
1g/ Kg, respectively. The geonetric nmean of PCBs detected in the surface soil is 324 1g/Kg.

A total of 25 subsurface soil sanples were obtained from8 to 55 inches; nost sanples were
between 10 inches and 22 inches. PCBs were detected in 10 of the 25 sanples. A frequency
di stribution of these detections includes:

> 1,000 Ig/Kg - 2 sanpl es
200 Ig/Kg - 1,000 Ig/Kg - 4 sanpl es
< 200 1g/Kg - 4 sanpl es

The hi ghest PCB concentration (3,800 Ig/Kg) was detected at SB37-01, east of Building 1173, at a
depth of 10 inches bel ow grade. The geonetric nean of PCBs detected in subsurface soil is 226
19/ Kg

GROUNDWATER
Met al s

One groundwat er sanpl e was col |l ected fromthe Col unbia aquifer at the west area of the site and
was reported with concentrations at 56 and 1,280 Ig/L for |ead and nanganese, respectively.
These concentrations, however, are consistent with naturally occurring background |evel s of
these constituents in the area of Area E Warehouse QU and are not attributable to present or
past activities at this QU. The nmercury result was rejected; however, the reported val ue was
bel ow t he detection limt.

<I MG SRC 98066D>
<I MG SRC 98066E>

PCBs

Two groundwat er sanples were collected in the west area of the site (Figure 5). No PCBs were
det ect ed.

SEDI MENT

Two surface sedi ment sanples were collected at a depth fromO to 1 foot fromthe drai nage ditch
that drains the stormmater runoff fromthe Area E Warehouse site (Figure 6). Both |ocations
showed extrenely | ow concentrations of PCBs, 10. 1 and 143 1g/Kg, respectively. The results
reveal ed that the mgration of PCBs fromthe site was insignificant



Cont ami nant Fate and Transport

The environnental fate and transport of the contam nants present at the Area E Warehouse Site
was studied to determine the potential for continued on-site and off-site migration of the
contam nants of concern. The results of the study concluded that metals and PCBs exhi bit
relatively high persistence in the environnent of the site. Due to the low solubility of these
contaminants in water, |ow vapor pressure, and strong adsorption to soils, sedinents, and
organic matter, adsorption is the predom nant fate process for the netals and PCBs at the site

Since the terrain of the site area is flat with a shallow groundwater table bel ow t he ground
surface, the nost probable path of migration for contamnants is into the groundwater. The
potential mgration of the contam nants was predicted by using the Rapid Assessnent G oundwat er
Model (Donnigian, et al., 1985). The results of the nodel showed there would be insignificant
netal |eachate concentrations (approxi mately 1.6x10 -31 ng/L) reaching the 3 foot depth in ten
years. No Aroclor 1260 would migrate to the depth even when the anal ysis was extended to 30
years. Aroclor 1260 is one of the nmajor PCB conpounds detected in soil of the site. Therefore
the potential mgration of the site contaminants to the groundwater systemis mninal.

VI. SUWARY OF SITE RI SKS

A risk assessnment was conducted in the SA in accordance with the |atest EPA policy on Risk
Assessnents (USEPA, 1989). The results are sumari zed bel ow.

Human Heal th Ri sk Assessnent

Heal th risks are based on a conservative estinmate of the potential carcinogenic risk or
potential to cause other health effects not related to cancer. Carcinogenic risks and
noncar ci nogeni c risks were evaluated as part of the risk assessnent; three factors were
consi der ed:

1. nature and extent of contanminants at the QU

2. the pathways through whi ch human and ecol ogi cal receptors are or may be exposed to those
contam nants at the QU, and

3. potential toxic effects of those contam nants.

For this QU, the hunman health risk assessnment was based on exposure to soil under industria

I and use scenarios. Surface water was not eval uated because hunman health receptors are not
exposed to this nediumat this QU In addition, neither organic conpounds nor PCBs were detected
in groundwater. Only netals were detected in the Colunbia aquifer. The detected concentrations
however, are consistent with naturally occurring background levels in the area of this QU and
are not attributable to present or past activities at this QU Even if water fromthe Col unbi a
aqui fer were used for drinking, unacceptable risks would not be expected and, therefore, no
action is required for addressing groundwater.

Cancer risks are expressed as a nunber reflecting the increased chance that a person will
devel op cancer, if

<I MG SRC 98066F>
<I MG SRC 98067G>

he/she is directly exposed (i.e., through working at the QUJ) to the contami nants found in the
groundwat er, surface water, soil and sediment at the QU for 30 years. For exanple, EPA's
acceptable risk range for cancer is 1 x 10 -4 to 1 x 10 -6, neaning there is one additiona
chance in ten thousand (1 x 10 -4) to one additional chance in one mllion (1 x 10 -6) that a



person will develop cancer if exposed to a hazardous waste site. The risk associated with
devel oping other health effects is expressed as a hazard i ndex. A hazard index of one or |ess
nmeans that a person exposed to a hazardous waste site is unlikely to experience adverse health
effects. A hazard index is also used to eval uate ecol ogi cal risks.

Direct contact, including oral and dernal exposures of contam nated soils, for LaRC workers was
calcul ated for the R sk Assessnent. The assunptions and results are presented in Tables 1 and 2
The lifetime cancer risk fromPCB exposure for the workers at the Area E Warehouse site is
calculated at 4.9 x 10 -5. This lifetime risk is within the EPA's acceptable risk range of 1 x
10 -6 to 1 x 10 -4. The H for the non-carcinogenic risk due to exposure to netals in

contam nated soils was estimated to be 0.2, which is below the target of 1.0.

Potenti al exposures to site-related contami nation under future use were al so consi dered
However, it is unlikely that the use of this area will change in the succeeding years as it is a
part of a |large government-owned research center.

The major uncertainties in the R sk Assessnent are the exposure factors (duration and

magni tude). Since daily occupation of the warehouse area does not presently occur, the exposure
assunption that a worker will be on site each working date and exposed to soil under the
exposure conditions each day is conservative. The uncertainty in the risk assessnent, based on
the given soil concentrations and exposure factors, is estinmated to be a factor of ten on the
hi gh si de.

Ecol ogi cal Ri sk Assessnent

The two potential pathways for ecological inpact identified were through sedinent transport of
contam nated soils to the estuary and/or groundwater infiltration. Sedinent transport is through
surface runoff which carries contam nated soil into the stormdrain, and ultinately into the
estuary. Because of the flat profile of the area, sedinent transport is very unlikely. The

sedi nent sanples collected fromthe stormdrain adjacent to the site reveal only extrenely | ow

| evel s of PCBs.

Both nmetal s and PCBs exceeded ecol ogi cal screening levels for soils which suggests potentia
risk to the environnment. Soil screening |l evels which are exceeded incl ude

Manganese: 330 ppm
Lead: 10 ppm

Mer cury: 0. 15 ppm
PCBs: 0.10 ppm

Al t hough soil screening | evels have been exceeded in the soil at the Area E Warehouse QU, there
is noindication fromsanples taken in the stormdrain or in the estuary that there exists an
ecological risk as a result of surface runoff fromthe site. In addition, because of the current
industrial setting of the Area E Warehouse QU it is a very unlikely location for a terrestria
habi t at .

CONCLUSI ONS

The remedi al objective for the Area E Warehouse is to protect human health and the environnent.
Because the current and anticipated future land use is non-residential, soils were eval uated
only for construction worker exposure. As indicated above, the risk posed to the construction
worker is within EPA's acceptable risk range, however, actual or threatened rel eases from
hazar dous substances may present an i nmnent and substantial endangernent to public health or
wel fare under a non-industrial exposure scenario. The specific renedial objective for this



operable unit, therefore, is to assure that the property use does not allow non-industria
exposure to the soils

Vi, DESCRI PTI ON OF ALTERNATI VES

The Site Assessnent for the Area E Warehouse QU presents three alternatives that address risks
posed by PCBs and netal s contam nated-soil. The soil renediati on technol ogies were identified
and screened using effectiveness and i nplenentability as the criteria. The screening process is
described in Table 5. Table 6 summari zes the process options that were screened, including the
no-action alternative. Three process options (no-action, gravel/asphalt cap, and off-site
landfill) were retained to formalternatives, with two process options retained as support

t echnol ogi es. Using these retai ned process options, three alternatives: 1) no-action: 2)
excavation/off-site disposal; and 3) capping were devel oped for detailed analysis as follows. In
addition, a fourth alternative was devel oped and di scussed in a letter fromNASA to EPA and
VDEQ This alternative is a hybrid alternative referred to as institutional controls and was

al so retained

Alternative 1 - No Action

The NCP requires that a "no action" alternative be considered to provide a baseline for
conparison with action alternatives. Under this alternative, no remedial action would be
undertaken at this tinme to address contaninated soil at the Area E Warehouse QU.

0 Capital Cost: $0
0 Qperations and nai ntenance (8&\) cost: $0
0 Net present worth: $0

Alternative 2 - Excavation and Of-Site D sposa

This alternative involves excavating approxi mately 3,700 cubic yards of contam nated soil and

di sposing the nmaterial in an approved off-site facility. Upon conpletion of the excavation

clean material would be used to backfill the excavated areas. The site would be restored back to
the original level and condition including regrading to pronote drai nage and revegetati on as
appropriate to prevent soil erosion.

Long-term nonitoring would not be included with this alternative. A confirmatory sanpling
program however, woul d be undertaken during the renedial action to ensure contani nated soi
above the cl eanup | evel has been renoved.

Capital Costs: $1,500, 000
Operations and nami ntenance (08 cost: $0
Net present worth: $1, 500, 000

Alternative 3 - Contai nnent

This alternative consists of covering the contam nated areas with clean soil or gravel. If the
existing contami nated area is a grassy area, then a 10" top soil cap would be installed. If the
existing area is covered with gravel, then the existing gravel should be renoved prior to the

pl acenent of new gravel or top soil, or alternatively, a 6" layer of asphalt m x shall be placed
on top of the contam nated gravel. In addition, this alternative would incorporate institutiona
controls and a long-termnonitoring plan. Al so, a confirmatory sanpling programwoul d be
undertaken during the renedial action to delineate the PCB-contam nated areas to be covered to
ensure the effectiveness of the renedy.



Capital Costs: $168, 000
Operations and nai ntenance (08 cost: $0
Net present worth: $168, 000

Alternative 4 - Institutional Controls

This alternative consists of a use restriction on the property to prevent non-industria
activities (e.g., residential, child care, or recreational uses). These restrictions include: 1)
the prohibition of use of the property for purposes other than industrial (e.g., residential,
child care, or recreational use); 2) inputting these restrictions in the NASA LaRC Master Pl an
3) within 90 days of ROD signature, NASA shall produce a survey plat prepared by a professiona
| and- surveyor registered by the Commonweal th of Virginia indicating the |ocation and di nensi ons
of the Area E Warehouse Qperable Unit and the extent of the soil contam nation. The plat shal
contain a note, promnently displayed, which states the owner's future obligation to restrict
the land use of the property. The plat shall be subnmitted to the local recording authority; 4)
NASA shal |l incorporate these restrictions and supply a copy of the plat into any real property
docunents necessary for transferring ownership fromNASA in the unlikely event that NASA sells
the property. The real property docunment woul d al so include a discussion of the Nationa
Priorities List (NPL) status of this Site, as well as a description of the soil contam nation
5) The NASA LaRC Environnental Engineering Ofice Head will certify to USEPA on an annual basis
that there have been no violations of these prohibitions. If a violation has occurred, a
description of the violation and corrective actions to be taken will be provided

In addition, the presence of the existing security fence around the QU serves to limt access to
the QU. Al though the purpose of the fence around the QU is for providing security (its presence
and nmi ntenance is not part of this alternative) it also limts the individuals who may be
exposed to the contam nated soils by preventing unauthorized access.

Capital Costs: $2,000
Operations and nmi ntenance (08 cost: $500
Net present worth: $16, 500

The cost figures included here are estimates which reflect a reevaluation of the cost since the
rel ease of the Proposed Plan. This difference results from adding extra conponents to the
alternative. See Section X, Docunentation of Significant Changes, bel ow.

Vi, SUMVARY OF COWPARATI VE ANALYSI S OF ALTERNATI VES

During the detail ed evaluation of renedial alternatives, each alternative is assessed agai nst
the followi ng nine evaluation criteria: overall protection of human health and the environnent;
conpliance with applicable and rel evant and appropriate requirenents (ARARs); |long-term

ef fectiveness and pernmanence; reduction of toxicity, nobility and/or volune (TW); short-term
effectiveness; inplenentability; cost, state acceptance; and comunity acceptance

A conparative analysis for the four alternatives based on these evaluation criteria is presented
in the follow ng sections.

A. OVERALL PROTECTI ON OF HUVAN HEALTH AND THE ENVI RONVENT

Alternative 1, No Action, provides no reduction in risk to humans and the environnent.
Alternatives 2 and 3 woul d provide adequate protection of human health and the environnent by
elimnating, reducing or controlling risk through renoval, engineering controls, or
institutional controls. Alternative 4 woul d prevent exposure through access restrictions and
other institutional controls.



B. COWPLI ANCE W TH APPLI CABLE OR RELEVANT AND APPROPRI ATE REQUI REMENTS

Under Alternatives 2, 3 and 4, all applicable or relevant and appropriate requirenents (ARARs),
woul d be net. (Specific ARARs for the renedy in this case are identified in Section X.B. of this
RCD) .

C. LONG TERM EFFECTI VENESS AND PERNMANENCE

Alternative 2 would be the nost effective since it would permanently renove the contam nated
media fromthe site. Alternative 3, the installation of a cover, although | ess pernanent than
alternative 2, effectively mtigates the risk associated with direct contact or ingestion of the
contam nated nedia. The long-termeffectiveness will depend on namintenance of the cover and the
adherence to inposed | and-use restrictions. Since the contam nants would remain on-site
Alternative 3 would provide | ess protection then Alternative 2. Aternative 1 would not

provi de added protection fromthe contam nated soil. Alternative 4 will continue to prevent
exposure and prevent unacceptable risk by, anong other things, prohibiting a non-industrial use
of the property.

D. REDUCTION COF TOXIA TY, MOBILITY, OR VOLUVE BY TREATMENT

Alternatives 1 and 4 provide no reduction in the contam nant toxicity, mobility or vol une of
contam nated soil. Alternative 2, excavation and off-site disposal, would effectively reduce the
contam nant |evels on-site. However, Alternative 2 achieves this goal by noving the contamn nated
nmedia to another location (off-site landfill) where its nmobility is reduced but its toxicity and
vol ume are unchanged. Alternative 3 would reduce the contam nant nobility sonewhat through the
use of a soil cover, but toxicity and volune would renain the sane.

E. SHORT- TERM EFFECTI VENESS

No short-terminpacts to human health and the environment are associated with the inplenmentation
of Alternatives 1 or 4, no action and institutional controls respectively, because physica
remedi al actions are not undertaken. For A ternatives 2 and 3, which require excavation or

contai nnent, the potential short termrisks are those associated with dernal contact with and
ingestion of the contam nated soil by workers. NASA however, would mninmze these short-term

ri sks by inplenenting controls and procedures to ensure, to the greatest extent possible, that
such dernmal contact and ingestion did not occur. In the cases of these alternatives, workers
woul d be required to wear protective equipnment during activities where they may be exposed to
hazardous materials. The short-termrisk associated with Alternative 2 would be potentially
greater than Alternative 3 because of the additional handling of the contam nated soil

F. | MPLEMENTABI LI TY

Alternative 1, no action, can be easily inplenented because there are no construction, storage
equi pnent or di sposal considerations. Alternatives 2 and 3 (excavation/off-site disposal and
contai nnent) each are relatively easy to inplenent because the required | abor, equipnent and
materials are readily avail able. However, Alternative 3 may be | ess inpl enentabl e because of the
change of existing QU topographic features. In addition, Alternative 3 would nguire a |ong-term
nmonitoring plan. Alternative 4 involves the restriction of future uses of the QU to industria
activities. Inplenentation of Alternative 4 is relatively easy.

G CosT

Alternatives 1 has no costs associated with it. Alternative 4, institutional controls, is
estimated to cost $16,500. Alternative 3, containment, costs are estimted to be $168, 000.



Alternative 2, excavation/off-site disposal, costs are estinmated to be $1,500,000 and is the
nost expensi ve.

H STATE ACCEPTANCE

The Virginia Departrment of Environnmental Quality concurs with the selection of Alternative 4,
institutional controls, as the selected renmedy for this QU

I. COMMUNI TY ACCEPTANCE

An availability session on the Proposed Plan was held on February 5, 1998 in Hanpton, Virginia.
Comments received orally and/or in witing at the availability session are referenced in the
Responsi veness Summary (Section XII of this ROD). No witten or oral comrents were received
outside of the availability session during the public coment period.

I X. SELECTED REMEDY

Fol | owi ng revi ew and consi deration of the information in the Adm nistrative Record file,

requi renents of CERCLA and the NCP and public coments received on the Proposed Renedi al Action
Pl an, NASA and EPA, in consultation with VDEQ have selected Alternative 4: Institutional
Controls as the remedy for the Area E Warehouse Qperable Unit. This renedy woul d prevent
unaccept abl e exposure to contam nated soils.

Based on avail abl e information, NASA and EPA believe that the selected remedy woul d be
protective of hunman health and the environnent, would be cost effective, and woul d provi de the
best bal ance of trade-offs anbng the alternatives with respect to the evaluation criteria.

The sel ected remedy for the Area E Warehouse QU i ncludes the foll owi ng naj or conponents:

1) the prohibition of use of the property for purposes other than industrial (e.g., residential,
child care, or recreational use),

2) inputting these restrictions in the NASA LaRC Master Pl an,

3) within 90 days of ROD signature, NASA shall produce a survey plat prepared by a professional
I and surveyor registered by the Commonweal th of Virginia indicating the |ocation and di nensi ons
of the Area E Warehouse Qperable Unit and the extent of the soil contam nation. The plat shall
contain a note, promnently displayed, which states the owner's future obligation to restrict
the Iand use of the property. The plat shall be subnmitted to the local recording authority,

4) NASA shall incorporate these restrictions and supply a copy of the plat into any real
property docunents necessary for transferring ownership fromNASA in the unlikely event that
NASA sells the property. The real property docunent would al so include a di scussion of the
National Priorities List (NPL) status of this Site, as well as a description of the soil

cont am nati on,

5) The NASA LaRC Environnental Engineering Ofice Head will certify to USEPA on an annual basis
that there have been no violations of these prohibitions. If a violation has occurred, a
description of the violation and corrective actions to be taken will be provided.

The present worth of this renedy is $16, 500.

PERFORVANCE STANDARDS



A prohibition of use of the property for purposes other than industrial (e.g., residential

child care, or recreational use) will be inposed. Al use restrictions will be inputted into the
NASA LaRC Master Plan. Wthin 90 days of RCD signature, NASA shall produce a survey plat
prepared by a professional |and surveyor registered by the Commonweal th of Virginia indicating
the location and di mensions of the Area E Warehouse Operable Unit and the extent of the soi
contami nation. The plat shall contain a note, promnently displayed, which states the owner's
future obligation to restrict the land use of the property. The plat shall be submtted to the
local recording authority. NASA shall incorporate these restrictions and supply a copy of the
plat into any real property docunents necessary for transferring ownership fromNASA in the
unlikely event that NASA sells the property. The real property docunment would al so include a

di scussion of the National Priorities List (NPL) status of this Site, as well as a description
of the sod contamination. In addition, the NASA LaRC Environnmental Engineering Ofice Head will
certify to USEPA on an annual basis that there have been no violations of these prohibitions. If
a violation has occurred, a description of the violation and corrective actions to be taken will
be provided.

A 5-year review wi |l be conducted in order to evaluate continuing protectiveness of human heal th
and the environnent. Each required 5-year reviewwill culmnate in the preparation of a report.
Specifically, the effectiveness of the selected remedy will be reviewed, and a determ nation
will be made as to whether adverse changes in risk have occurred at the Area E Warehouse QU. The
effectiveness of use restrictions will be evaluated and changes nmay be recommended at that tine.
X. STATUTORY DETERM NATI ONS

A. PROTECTI ON OF HUVAN HEALTH AND THE ENVI RONMENT

The sel ected renedy, Alternative 4, would protect hunman health and the environment by preventing
exposure through the use restrictions and other institutional controls

B. COWPLI ANCE W TH ARARS

The selected remedy will conply with all ARARs

1. Chemical - Specific ARARs

There are no chemical -specific ARARs for the sel ected renedy.

2. Location-Specific ARARs

There are no location-specific ARARs for the selected renedy at this QU
3. Action-Specific ARARs

There are no action-specific ARARs for the sel ected renedy.

C. COST EFFECTI VENESS

The selected renmedy is cost-effective. The present worth cost of Aternative 4 is $16, 500.
D. UTI LI ZATI ON OF PERVANENT SOLUTI ONS AND ALTERNATI VE TREATMENT
TECHNOLOG ES OR RESOQURCE RECOVERY TECHNCOLOQ ES TO THE MAXI MUM EXTENT

PRACTI CABLE

The sel ected renmedy represents the maxi mum extent to whi ch pernmanent solutions and treatnent



technol ogi es can be utilized in a cost-effective and tinely manner. O those alternatives that
are protective of human health and the environnent and conply with ARARs, the sel ected renedy
provi des the best balance of trade-offs in terns of |long-termeffectiveness and pernmanence,
reduction of toxicity, nobility, or volume achieved through treatment, short-termeffectiveness,
inplenentability and cost, while also considering the statutory preference for treatnent as a
principal elenment and considering state and community acceptance: The sel ected renedy addresses
the principal threats posed by contam nated soils given the reasonably anticipated future use of
the site.

E. PREFERENCE FOR TREATMENT AS A PRI NCI PLE ELEMENT

The sel ected renmedy does not satisfy the statutory preference for treatnent as a principa

el ement of the renedy. Treatnment renedi es were not consi dered because of |ow | evels of

contami nation. Although no active treatnent is enployed with the sel ected renmedy, the selected
alternative would Iimt exposure to contam nated soils

XlI. DOCUMENTATI ON OF SI GNI FI CANT CHANGES

The preferred alternative in the Proposed Plan was Alternative 4: Institutional Controls. The
only significant changes to the proposed alternative described in the Proposed Plan is the
addition of the survey plat requirenent, incorporation of these restrictions into the NASA LaRC
Master Plan and the annual reporting on the continued application of the institutional controls.

XI'l. RESPONSI VENESS SUMVARY
A, OVERVI EW

In a Proposed Plan rel eased for public comment on January 26, 1998, NASA with the support of
EPA, identified Alternative 4 as the preferred remedial alternative for the Area E Warehouse QU
at the Site. Alternative 4 in the Proposed Plan was as described in Section VIII, with the

addi tions discussed in Section Xl .

There were no witten comments received as a result of the public comment period. There were
witten coments subnmitted during the February 5, 1998 availability session. After eval uating
and addressing these comments, NASA and EPA have decided to select Alternative 4 as the renedy
for the Area E Warehouse QU. Comments and the associ ated responses of NASA and EPA are descri bed
bel ow after a brief discussion of comunity involvenent to date

B. COMMUNI TY | NVOLVEMENT TO DATE

NASA and EPA established a public comment period fromJanuary 26, 1998 to March 11, 1998 for
interested parties to comment on the Proposed Plan. the Site Assessnment, Contami nation
Assessnent, focused sedi nent sanpling reports and ot her docunents pertaining to the Area E

War ehouse QU. These and all other docunents considered or relied upon during the renedy

sel ection process for the Area E Warehouse QU are included in the Admi nistrative Record, which
has been in two information repositories accessible to the public since the beginning of the
public comment period for the Area E Warehouse QU. An availability session was held at the
Virginia Air and Space Museum Hanpton, Virginia on February 5, 1998, to present the Proposed
Pl an, answer questions, and accept both oral and witten comments on the Area E Warehouse QU
renmedi al alternatives. One person attended this session

Thi s Responsi veness Summary, required by CERCLA, provides a summary of citizens' comments
identified and received during the public comment period and the responses of NASA and EPA in
selecting the remedy for the Area E Warehouse QU. Responses to these comments are included in



t he section bel ow.

C. SUMVARY OF COMMENTS RECEI VED DURI NG PUBLI C COMMVENT PERI GD AND
COMMVENT RESPONSES

Comment # 1:

M/ particul ar question was about the plan to test Tabbs Creek over the years in the future. |
was told that this testing of biota would occur 2-4 tines per year over the next five years. |
agree this is good, but 5 years may be too short - term should be a | ong range plan as well.
Response #1:

The Tabbs CGreek QU will be addressed in a future Proposed Plan and ROD. A nonitoring plan will
be included in any renediation that may take place in Tabbs Creek. The details of the nonitoring
have yet to be devel oped. This concern will be considered at that tine.

Comment #2:

G oundwat er may be contaminated in the future, so the suggestion to preclude the use of
groundwater in the future shoul d be inpl enent ed.

Response #2:

G oundwater at the Area E Warehouse QU does not currently pose a threat to human health or the

envi ronnent. Upon conpl etion of the studies at the renmaining OUs, a determnation will be nade

on what actions if any are necessary to address groundwater.
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APPENDI X A

TABLES

TABLE 2
EXPOSURE AND | NTAKE ASSUVPTI ONS FCR
DERVAL CONTACT AND | NGESTI ON
NASA LANGLEY RESEARCH CENTER

Vor ker s

Age G oup 18-70
Dermal Exposure to Soil (day/year) 78
Durati on of Exposure (years) 44
Frequency of Exposures (Days/yr) 244
Dernmal Soil Deposition (ng/cm 2) 1.4
Skin Surface Area Exposed (cm 2) 3, 600
Dermal Absorption Factors:

PCBs 12%

Met al s 1. 0%
Qut Absorption Factors

PCBs 50%

Met al s 50%
Soi | Ingestion (ny/day) 100
Sources: Skin surface area exposed are from Anderson, et. al., (1984); other paraneter val ues

were derived as described in the SA report.



TABLE 3
AREA E WAREHOUSE
HAZARD | NDEX AND EXCESS CANCER Rl SK
LANGLEY RESEARCH CENTER

Non- Car car ci nogeni ¢ Effects:
CD (D) (nu/ kg/ day) - C(mg/kg) * DR(ng/cmt2) * AFd * SA(cnt2) * DE 365(days/ days)*10"-6(kg/ nmg)/ BWkQ)

CD = CD (D + CD (1) CD (1) (ny/ kg/ day) = C(mg/ kg) * |e(ng/day) * AFl*DE 365(days/days) * 107-6(kg/ ng)/ BWkQ)
Conpound Soi | AF' s Der nal Chronic Daily Intake and Risk for Age Group (years):
Conc. ed/ 100 Dep. Rat e R D
(my/ kg/ day)  ---------- West ---------- aemmae War ehouse -------  ----------
North----------
(no/ kg) AFd AFi (nmg/ cn*2) coi CDl /Rf D col CD / Rf D col
CD /RfD
Soi | Pb > 2. 4E+01 1. 9E+01 3. 7E+01
Conc. Mh > 4. 0E=02 6. 5E+02 4. 3E+02
(no/kg) Hg > 5. 0E- 01 4. 0E-01 7. 3E+00
Lead 0.01 0.50 1. 4E+00 1. 4E- 04 4. 3E- 06 3. 0E-02 1. OE- 05 7.2E-02 1. 3E-05
9. 4E- 02
Manganese 0.01 0.50 1. 4E+00 2. 0E-01 7. 1E-05 3.5E-04 3.5E-04 1. 7E-03 1. 5E-04
7.7E-04
Mer cury 0.01 0. 50 1. 4E+00 3. 0E- 04 8. 9E- 08 3. 0E- 04 2. 1E- 07 7.0E-04 7.0E- 04
8. 6E- 03
Hazard | ndex===========> 3.1E-02 7. 4E- 02

1.0E-01. C&-01



TABLE 3 (Conti nued)
AREA E WAREHOUSE
HAZARD | NDEX AND EXCESS CANCER RI SK
LANGLEY RESEARCH CENTER

Area E Warehouse/ Surface Soi l

Area of Exposure=====> West War ehouse Nor t h
Exposure Route: Soil (Dermal Contact & Accidental |ngestion) Exposure Factors:

% Ti me Exposed per area 20% 40% 40%

Days Exposed (per year) 220 220 220
Scenari o: Long- Term Represenative Exposure Fractional days per year 44 98 88
Source: Surface Soil (Present and Future) Years Exposed (per 70 year life) 42 42 42
Receptor: LARC Wrkers Body Weight (kg) 70 70 70

Soi | Ingestion (ng/day) 100 200 100

Surface Area Exposed (cnf'2) 3, 800 3, 800 3, 800

Car ci nogeni ¢ Effects:
CDl (D) (no/ kg/ day) =C(ng/ kg) * DR(ng/cnt2) * AFd * SA(cmt2) * DE/ 365(days/days) * YE/ 70(years/years) * 10"-6(kg/ ng)/BWKkg)

CD = CD (D + (1) CD (1) (nmy/ k) + CD (1) (mg/kg/day) = C(my/ kg) * le(ng/day) * ARl * DE/ 365(days/days) * YE/ 70(years/years) * 107-6(kg/ ng)/ BWkQ)
Conpound AF' s Der nal CPF Chronic Daily Intake and Cancer Ri sk for Age Group (years): Lifetinme
% Absor bed Dep. Rate (1/ (ng/ kg/ day)) Ri sk
---------- Vst ---------- ------- Warehouse ------- ---------- North ----------
AFd AFi (ng/ cm2) cDl R sk cD Ri sk col Ri sk
Soil Conc. (ng/kg)============> 1. 2E+00 1. 2E+00 1. 2E+00 1. 1E+00
PCBs 12% 50% 1. 4E+00 1. 2E+01 8. 4E- 07 9. 7E- 06 1. 8E-06 2.1E-05 1.6E-06 1. 9E- 05 4. 9E- 05

Total R sk ========> 9. 7E- 06 2. 1E-05 1. 9E-05 4. 9E- 05



Exposure Route: Soil (Dernmal Contact & Accidental Ingestion)

Scenari o: Long-Term Represetative Exposure
Sour ce: Surface Soil (Present and Future)
Receptor: LaRC Wrkers

Carcinogenic Effects: CO = CDI[D] + CD (1)
CD [ D] (ng/ kg/ day) =

CDI [ 1] (nmo/ kg/ day) =

Conpound AF' s Der mal CPF
% Absor bed Dep. Rate (1/ (nmg/ kg/ day) )
AFd AFi (ng/ cnh2)
Soi | Conc. (ng/ kg) ============>
PCBs 12% 50% 1. 4E+00 7. 7TE+00
Total Risk ========>

TABLE 4
CLEAN- UP SO L CONCENTRATI ON
AREA E WAREHOUSE/ SURFACE SO L
NASA LANGLEY RESEARCH CENTER

Area of Exposure ========> West
% Ti me exposed per area 20%
Days Exposed (per year) 220
Fractionsal days per year 44
Years Exposed (per 70 year life) 42
Body Wei ght (kg) 70
Soi | 1 ngestion(ng/day) 100
Surface Area Exposed (cnmt2) 3, 800

C( g/ kg) *DR( mg/ cm*2) * AFd* SA( cm*2) * DE/ 365 days/ days) * YE/ 70( year s/ year s) *10"- 6( kg/ ng) / BW kg)

C(ng/ kg) *1 s( g/ day) * AFi * DE/ 365( days/ days) * YE/ 70(year s/ year s) *10"- 6( kg/ ng) / BW kg)

Chronic Daily Intake and Cancer

R sk
---------- West ---------- ------- \Warehouse
col Ri sk CDi
9. OE- 02 9. OE- 02
6. 4E- 08 4. 9F- 07 1. 4E- 07
4. 9E- 07

\War e

1.1E-06

house
40%
220
88

42

70
200

3, 800

Ri sk for AV Goup (years):

9. 0E- 02

1.3E-07

1.1E-06

Lifetinme

9. 9E- 07 2. 5E-06

9. 9E- 07

2.5E-06



Technol ogy Type:
Process Options

No- Acti on

Limted Action:
Moni t ori ng

Cappi ng:
Gravel / Asphal t Cap

RCRA CAP

Renoval :
Excavati on
support
t echnol ogy.

Description

The site is not
Low | evel
site.

renedi atd in any way.
of conatam nants remain on

Perform periodic anal yses of site soils to
nmoni tor concentrations and extent of
cont am nation.

Cover contaminated soil with a single
| ayer of asphalt or gravel.

Cover contami nated soil with a nmulti- 0

| ayer cap consisting of top soil, synthetic
menbr anes, inperneable soil and
dr ai nage | ayer. o]
0
0
Cont ami nated soil woul d be renpved o]
with common construction equi pnent. o]

TABLE 5

SCREENI NG OF SO L REMEDI AL TECHNCOLOG ES
AREA E WAREHOUSE SI TE
NASA LANGLEY RESEARCH CENTER

Ef fectiveness

Carcinogenic risk is within EPA's acceptable
lifetine risk range 1x10 -4.

Ef fective for nonitoring | evels of soil
contam nation and migration. However, due
to the low levels of soil contam nation,
unlikely that PCBs would nmigrate to
groundwat er or surface water at |evels posing
significant threats.

itis

Reduces nobility of contaminants and risk of
direct contact; however, contam nants renain
on-site and may be exposed from
erosion/rutting.

Reduces nobility of contaminants and risk
of direct contact; however, contami nants
remain on-site.

Meet s RCRA requirenents.

RCRA systemis reliable since cracking is
m ni m zed.

RCRA systemis reliable for reducing
infiltration; however, it is no nore

than a non- RCRA system for reducing
contact risks.

Ef fective at renoving contam nated soil.
Requires further treatmnent/disposal.
0 WII not reduce vol

contam nated soil.

I npl ementability St at us

Ret ai ned for further
consi deration.

Easily inpl enented.
Cost: Low.

Easily inplenented.
Cost: Low Moderate.

El i minated as long as the
site use is kept the sane.

Construction is relatively easy. Ret ai ned for further
Change in elevation due to installation of cap consideration.
may change the drai nage pattern of the area.
Cost: Low Moder at e.

0 Construction requires nultiple steps and is
time consum ng.

0 More periodic maintenance required than
wi th non- RCRA | ayer cap.

0 Heavy vehicular traffic on-site may have
adverse effect on RCRA cap.

0 Change in elevation due to installation of cap
would limt current use of property.
Cost: High

El i m nated due to special
site constraints.

Ret ai ned for further
consideration as a

0 Technically feasable.
0 Can be done using comon construction
une or toxicity of equi pnent .

Cost: Low



Technol ogy Type
Process Option(s)

Physi cal Treatnent:
Sol i d Processing

Physi cal Treatnment:
Dewat eri ng

Sol vent Extraction:
In-Situ Soil Flushing

Description

Consi sts of physically sorting and/or
nodi fying the size and distribution of
the soil that may be excavated.

reduce

Process to remove excess (free) liquid
fromsaturated materials prior to
treatnent.

Contami nants are renpved fromsoils
via in-situ solvent infiltration.
Cont ami nat ed sol vents are recovered for
subsequent treatnent and/or disposal.

Ef f ecti veneness

o

o

o o

TABLE 5 (Conti nued)

SCREENI NG OF SO L REMEDI AL TECHNOLOG ES

AREA E WAREHOUSE SI TE
NASA LANGLEY RESEARCH CENTER

Does not renpve toxicity or nobility of
contam nants, but may renove vol ume of
contam nated materi al .

May enhance subsequent treatnment by
increasing the specific surface area of the
soi l .

More of a pretreatnment than a treatnent.

Effectively dewaters materials for
subsequent treatnent.

0 Treatnent of drained water,

I npl ementability

0 Requires significant materials handling.

0 Is required as a pretreatment for many
al ternatives.
Cost: Low.

0 Inplenentability of dewatering nmethods nmay
be difficult due to linmted avail abl e staging

if required,

St at us

Eli mi nated. Treatnent of
soil not required.

El i mi nated. Excavation
is limted to unsaturated
zone.

woul d require off-site handling and disposal.

Support technol ogy. ar eas.
Does not reduce nobility or toxicity of

handl ed naterials. May result in significant
reduction in water content.

May be required prior to sone treatnent
or di sposal technol ogies.

Organi c solvent used for PCB extraction
may be consi dered hazar dous.

I ndi vi dual contami nants nmay require
seperate sol vents.

Reduces vol ume of contanminants in soils; 0o

however, produces |arge volunmes of o]
cont am nat ed sol vents which

coll ection and treatnent.

Reliability of conplete contact with all

contam nated soils is questionable. o]
Achi evabl e | evel of contam nant renoval

may not be adequate to attain necessary o]
action levels.

Cost: Mbderate.

0 Typically conplex process,

0 Potenti al

Cost: Low.

difficult to
i mpl ement .

for
i mpl enent ati on.

| oss of solvents during

Pilot testing required.

Requi res special provisions (i.e.,

require ccaua*& td sohvm
piling) to ensure conplete collection of

cont am nat ed sol vents.

Col l ection of all flushing solvent may be

extrenely difficult.

Col | ected solvents require treatnent to

reduce toxicity.

sheet

El i mi nated due to
potential for adverse
environnental effects and
anticipated difficulty in

i mpl enent ati on.



Technol ogy Type: Description
Process Options

TEA Extraction Extracti on of organics from excavated 0
soils is achieved by contacting the soils
in a reaction vessel with a triethylan ne 0

(TEA) solvent to extract chemcals.

Critical Fluid Fluids in their critical state are used to 0
Extraction extract organics fromtheir excavated soil.

Process used in laboratory and industry 0

to remove PCBs fromtransforner oil. 0

0

Fi xation/ Stabilization: Addition of pozzolanic reagents to create
Sol i dification a non-leachabl e material which is easier

effectiveness in

TABLE 5 (Conti nued)

SCREENI NG OF SO L REMEDI AL TECHNOLOG ES

AREA E WAREHOUSE SI TE
NASA LANGLEY RESEARCH CENTER

Ef f ecti veness

Produces snall quantities of high
concentration residual for disposal.

Pilot test data for PCB treatnment is

avai |l able for soils, sesdinments and sl udges.
Site concentrations may nmke achi eving
action levels difficult.

Potential for release of contam nants.

Col | ected dewatering liquids require
treatment.

Cost: Moderate

Achi evabl e | evel of contam nant renoval

o

May not be sufficient to attain action |evels.

Still in bench/pilot stage for solids.
Reduces TMW of contami nants.

Requires treatnent further of small

vol ure/ hi gh concentration residual waste.

0 Effectiveness varies with reagents used.
0 Pilot tests required to eval uate reduction

mobi lity.

0 Does not reduce the toxicity of
contam nated material and results in a
vol urme i ncrease.

0 May not be effective in i mobilizing
PCBs.

0 Effective in stabilizing inorganics in
matri x.

I npl ementability

St at us

Typi cally conpl ex processes, difficult to Elimnated due to
inability of technology to
reach action levels for

limted PCBs.

i npl enent .

Pilot tests required.
Commerci al |y avail abl e but

supply of units.
Excavation and dewatering required.

0 May be difficult to inplenent.
0 Availability uncertain since the early stage of difficulty of

devel openent .
Cost: Moderate.

0 Vol ume of

i muobi lized soil

may be

i ncreased by 40% due to addition of

solidifying agent.

0 Requires skilled labor, as it nay be a

conpl ex process.

0 Site space assiciated with batch
m xi ng shoul d be consi der ed.
0 Dewatering of wastes is not required.
0 Long-term effects nust be eval uated
by monitoring.

Cost :

Moder at e

Eli mi nated due to
technol ogy to

reach action levels for
PCBs.

El i m nated due to
unproven to handl e.

i mmbi i zing PCBs at the

site.



Technol ogy Type:
Process Option(s)

Bi ol ogi cal Treatnent:
Li qui d- Sol i ds Cont act
In-Situ Treatnent Land
Application

Chemi cal Treatnent:
Utraviolet (W)
Oxi dat i on

Cheni cal Treatnent:
Dechl orination with
Pot assi um Pol yet hyl ene
dycol (KPEG Reagent

Description Ef fecti veness

Bacteria are used to degrade
organi c contam nants. May be
performed in-situ, or in bench reactor
after excavation. Treat nent of organics

PCB breakdown in the

o

percent nmay be achievabl e.
Bench scale testing and pilot study

o

required.

Bi ol ogi cal treatment
of PCBs to |less than
scal e tests.

o

0 Laboratory denobnstrati ons have shown
PCB conpounds to be bi odegradabl e.
Mercury may be toxic and inhibit growh.

TABLE 5 (Conti nued)
SCREENI NG OF SO L REMEDI AL TECHNOLOG ES
AREA E WAREHOUSE S| TE
NASA LANGLEY RESEARCH CENTER

I npl ementability St at us

El i m nated due to
experinental nature, |ack
of pilot scale data, and
probability of not neeting
the action levels for PCB
contam nated soil.

0 Specific work w th biol ogical
PCBs is still experinental.
0 May produce waste residuals requiring
further treatnent and/or disposal.
0 Process has not been devel oped sufficiently
to pernmt accurate prediction of
ef fectiveness.
Cost: Moderate

degredation of

only.
range of 40 to 90

has resulted reduction
1 ppmin sone bench

0 Reaction products have not been
charecterized and the effectiveness of these
met hods is controversial.

Contam nated solids are fed as a slurry 0 This technol ogy may
into a mxing tank, where ozone is
added and the mixture is sinultaneously 0 Reduces toxicity of
exposed to ultraviolet radiation and 0 Bench scale testing
ul trasonic energy. The ultrasonic to determ ne actual
energy aids in extraction of PCBs from be achi eved.
the solids, and UV/ ozone irradiation 0 Has not been proven
results in destruction of PCBs. solids. May work if
however, PCBs

KPEG reagent (a mi xture of

pol yet hyl ene gl ycol, potassium

hydr oxi de, and DMBO) is mixed at a

1:1 ratio with contanmi nated soil in a
batch treatnment reactor. The reagent

m xture is heated and refluxed until
reaction is conplete. Reaction products
are KO and non-chl orinated bi phenyls.
May apply directly to soil slurry mixture
or as solvents used to extract PCBs from
soi | .

PCB cont ami nated soi |

0 Cannot obtain 90 ppb
I evel .

associated with soils as |low as 2 ppm

0 Has been used in bench scale test to treat

0 Pilot testing of KPEG has been successful
to less than 5 ppm PCBs.

Eli m nated due to
experinental nature of
process and | ack of
avai l abl e pilot test
equi pment and dat a.

destroy PCBs 0 Availability of process is limted, as it is still
inits experinental stages.

0 Pilot study will probably be required.

0 Site space constraints associated with soil
excavation shoul d be considered.

0 Very little work has been done in this area.

Cost: High

cont anmi nants.
and pilot study required
cl eanup |l evel s that can

to work directly on
PCBs are in water;
are not readily avail able.

El i m nated due to
inability of technology to
reach risk-based action
| evel s for PCB.

0 Pilot tests currently underway at a nunber of
sites.

0 Site space constaints associated with
treatment and excavati on shoul d be
consi der ed.

0 Dewatering of soil may be required to
prevent deactivation of reagent.

to less than 2 ppm

ri sk-based cl eanup.



Technol ogy Type:
St at us
Process Option(s)

Thernal Treat ment:
O f-site Incineration

On-Site Incineration

Thernal Treat ment:
Vitrification

Descri ption

Two types of off-site incinerators are
avail able: rotary kiln and infrared
systens. Rotary kiln introduces waste
and auxiliary fuel
kiln; wastes are thernmally destroyed as
they rotate through the kiln. Infrared
consists of a primary chanber of carbon
steel lined with layers of |ight-weight
ceram c fiber blanket. The infrared
energy is provided by silicone carbide-
resi stant heating elenents. The nateri al
to be processed is conveyed through the
furnace.

Sane as off-site, except that a nobile
incinerated woul d be |ocated at the Area
E war ehouse site.

El ectrodes interted into soil (in-situ)
cont ai ning significant
Graphite is placed on the soil surface to
connect the electrodes. The heat
generated fromthis system causes a nelt
that gradually works downward through
the soil. Inorganics are trapped in theO
nmelted silicates that cool to a form of
obsidian (i.e., very strong glass). Qher
organics are thernally destroyed in the
process.

at the high end of the

| evel s of silicate.

o

TABLE 5 (Conti nued)

SCREENI NG OF SO L REMEDI AL TECHNOLOG ES
AREA E WAREHOUSE S| TE
NASA LANGLEY RESEARCH CENTER

Ef fectiveness

Per f ormance data for
denonstrated with high efficiency for
destroying organi c wastes.

incinerators are well -

I npl ementability

0 Currently approximately four operating Elimnated due to cost
facilities are located in the U S. Al four i neffective.
facilities are running at capacity. Capacity is

W11 achieve target cleanup |evels. therefore linited.

Per f ormance data are reliable. 0 Excavation, drummi ng, |oading, and
Process will generate clean soil and only a transportation are necessary.

m ni mal anount of ash residue, which Cost: High

woul d be handl ed by the incineration

facility.

Reduces TMWV.

I's not effective for
Dewat eri ng of soils may not be required.

Per f ormance data for
denonstrated with high efficiency for
destroyi ng organi c wastes.

W11 achieve target cleanup |evels.

Reliability in the field has not been well -

dermonstrated. Currently has been used at
only a few waste sites.
Reduces TMW.

Pre-treatnent of soil may be required.

Hi ghly effective in reducing toxicity,
mobility and vol une of contam nants.
Destroys organi ¢ contam nants and bi nds
ot her contaminants in glass-like nmass.
Unproven in | arge scal e applications for
PCBs at hazardous waste sites.

i norganics treatnent.

incineration are well -

0 Mobile and transportable units are available Elimnated due to high
for on-site incineration. cost.
0 On-site incineration requires pernmtting if a
permanent facility is to be built. A nobile
incinerator does not require permtting if it is
constructed and operated on-site.
0 Air pollution control equipnent is typically
required.
0 Ash fromon-site incineration nust be
delisted or placed in a RCRA facility.

0 Site space restraints associated with
treatment and excavati on shoul d be
consi der ed.

Cost: High

0 Commercial nobile treatnments are not El'i mi nated due to
currently avail able. unproven status and | ack
0 Electricity source is needed. of large-scale application
0 Can be used in npst soils with noderately for PCB treatnent
| ow perneabilities (<10E-5 cnmsec.).
Cost: High



Technol ogy Type:
Process Option(s)

Ther mal Treat ment:
Low Tenper at ure
Thermal Extraction

On-Site Disposal:
On-Site Landfill

Of-Site Disposal:
Of-Site Landfill

Description

Organic wastes are renoved from soil
by introducing heated air
with the soil
soil. Excavation is required for
treatment.

Soil from contam nated areas are
excavated and di sposed of in an
approved facility constructed on-site.

Wastes with PCBs <50 ppm are

excavat ed, transported, and di sposed of
at a Virginia Departnent of Waste
Managenent approved off-site landfill.

into a reactor
to strip contam nation from

o

TABLE 5 (Conti nued)

SCREENI NG OF SO L REMEDI AL TECHNOLOG ES

REA E WAREHOUSE SI TE

NASA LANGLEY RESEARCH CENTER

Ef f ecti venenss

Has been denonstrated to renove certain
organics from solids.

Not proven and not likely to remove PCBs
and ot her non-volatile contani nants.
Anot her technology will be requireed to
destroy organi cs renoved.

Reduces vol unes of waste.

Reliabl e nethod to contain wastes. 0
Vol unme or toxicity of waste is not reduced.
Protective by reducing direct exposure to

contam nated material s. 0
0

Ef fective in reducing direct contact risk. o

Vol ume or toxicity of waste is not 0

decr eased.

Exposure to soil during excavation and 0

transportation could pose a health hazard. 0o

I npl ementability

0 | npl enentabl e. Could be constructed on-
site or preassenbled nobile units coul d be
transported to the site.

0 Site space constraints assiciated with
excavation shoul d be considered.

0 May be used in association with other
treat ment process.

Cost: High

Water-saturated materials would require
either solidification or dewatering prior to
landfilling.

Conti nued mai nt enance and | ong-term
nonitoring are requiring.

Potential long-termliability for waste
remai ning on-site.

Cost: Mbderate

Requires transportation.

Potential for long-termliability for waste
placed in landfill.

Of-site landfill capacity is limted.

I ncreased risk of exposure during
excavation/transportation.

Cost: Mbderate

St at us

El i mi nated due to
inability to effectively
treat PCBs and

i nor gani cs.

Eli minated due to site

| ocation considerations,
including | ack of
sufficient space.

Ret ai ned for further
consi deration.



Gener al
Response Actions

No- Acti on
Limted Action

Cont ai nment Acti ons

Rermoval Actions

Treat nent Actions

Di sposal Actions

TABLE 6

SUMVARY OF ALTERNATI VE SCREEN NG
SO L REMEDI AL TECHNOLOA ES
NASA AREA E WAREHOUSE S| TE ASSESSMENT

Renedi al
Technol ogy Types

Moni t ori ng

Cappi ng

Excavati on

Physi cal Treat ment

Sol vent Extraction

Fi xation/ Stabilization

Bi ol ogi cal Treat ment

Chem cal Treat nment

Thermal Treat nent

On-Site Disposal

O f-Site D sposal

Note: * = As support technol ogy

Process Options
No- Acti on
Moni t ori ng

Gravel / Asphalt Cap
RCRA Type

Excavati on

Sol i ds Processing
Dewat eri ng

In-Situ Soil Flushing
TEA Extraction

Critical Fluid Extraction

Solidification

Li qui d- Sol i ds Cont act
In-Situ Treatment
Land Application

U/ Oxi dati on

Dechl ori nati on KPEG

O f-Site Incineration
On-Site Incineration
Vitrification

Low Tenper at ure Ther nal
Extraction

M-Site Landfill

Of-Site Landfill

St at us

Ret ai ned

El i m nat ed
Ret ai ned

El i m nat ed
Ret ai ned*
El i m nat ed
El i m nat ed
El i m nat ed
El i m nat ed
El i m nat ed
El i m nat ed
El i m nat ed
El i m nat ed
El i m nat ed
El i m nat ed
El i m nat ed
El i m nat ed
El i m nat ed
El i m nat ed
El i m nat ed
El i m nat ed
Ret ai ned



